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7] s [Yb8] T-S^^tl,2)cka'&::t:^r-y-i''T^/— 
^^it-^^. [Yb 3 8 3 Tin [-fb 4 0 3 CYb 5 
93 ^ [Yb6 0} f^^n5J;d'5: h UT^/— ;u3^ii5» 

^Yb^;K3. 

[0 0 8 3] 
[Yb6 1 ] 



(9) !ltM2 0 0 3 -^'^iTB 7 (P 2 0 0 3 -7 4 6 7 A) 
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[0 0 8 4] (.ih'^^UbG Rit^ti^nminz 

[ 0 0 8 5] ^^t^^*CD$ t.35:*lR]±-?'«l3iCD®fKYb® 

10 [0 0 8 6] 112T-^$fLS*#J^U'i' hD;i/$;T.>;/-b 
>;^^^©^^«3gtt. *:^0^®*^aib^:7 h D;^$;^. 
';;-^r>:^^^^Z)^ 1 CD^JSJB^^^-fo EllCDm^T'D 
v^ms Oi;IE?L:/Du/^'® 5 0 i:*s«BS^n.TlA5 

6 0 (3IE?L:/D <y <^>fjj^S:-^tt^ixJ#fc 

[0 0 8 7] mZ-r:n<^t\,^mm.^\y ^ hD;U5:^;'>-fe 

«^^rD-;/<>S3 0$r#BSbfc*©-C-$>?)o 
20 [0 0 8 8] l214-ejr;$tl-S)*^JiP^ hD;U5:T-.<;/-fe 

ya-^^^ms 0 tiEjiyay^m5 0 ttim^i^i.. mm 
mi 0 hm^^^m 6 0 h(Dmizm=?-'Ax>&'mn-^m& 

[0 0 8 9] m^axtfi^Hi: UTtt. 7 

YbU5=-'i7A. m^t.u^<yA, 

[0 0 9 0] 
[Yb 6 2 ] 



30 



40 




C 



50 



[0 0 9 1] [Yb6 Z'iX-m^tl^a-ii \^a^i^:iry> U 

[0 0 9 2] mz. HI 2 :£2^^B^cD^ 1 (Dmmmm t u 

[0 0 9 3] ^-r^ (n^-a-r) ttji^^aMmmm 

[0 0 9 4] mz. lEjimm^is^^^tzitsE^imm^i 
i&^^t:mmizmm^tzit^mLrzm 1 (Dmm^^'^mt 

2 o^jf^serso 

[0 0 9 5] ^s^tffl4 0© h--r^j4 1 tn-^y. 
ym4 2 t^mmizmm^tztt^^m.Lrzm2(D^mt:if 
m.t^o 3^T-s m2<Dmmiz. ^ ^bizz-^-i yyM'$i■7- 
^mm^rz^t^tf^Lr^:lti)R!M^x$>^o ^LT> ^® 
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[0 0 9 6 ] ^ibiz. m^mm'&m^^^^tz^tm^mm 
[0 0 9 7] sfc. m2(Dmm\zmr,^rzmm(Dmmm^^ 

®Jf$fi56{C*5VNTs T»©jE?L«S^I^2 Otl^Sni.*;^ 

[0 0 9 8] ^fe. m3(Dmmicm\>^^miiM:(Dmmmj^ 

J14 Ot^StlS#)« ( H-r^J4 K *;=^h»J4 2S 

il® 6 0©JgfiEt::feVATx TJi®^5teiS4 Ofcr^Sn-S 

^ S8? ^ ^ ^ i: AS ^ I, > o 
[0 0 9 9] CfflB#. ±B3cD^173^M^3CD^^S{iffl^^ 

iiii2 0 t^^m4 0 tm^mmme o tmm^ti 



5o CCD^-^s Snift^ ^^^$i®flS^{c J;:51 



[0 10 0] ■:^^BMr-i^m^ti^m^m{zi±. rzt^i£ 

tf>:3— :^7'U'f n— his, D— ;uMXiS, > 

[0 10 1] gfttc. mi-mmmQ o±\z. mmmtjit: 

[0102] ^c*3, ^«?JS^'?7^-^? S Ptt, "EJm^ 
SP= { (AH-RT) /V} 

—P (cal/cm') AH»^ 

;i's$s^«ft (^fit : c a 1/mo 1) -CfeO. Rli^^*:^ 
m (ma : c a l/ (mo l • K) ) T-&t), T{ii^?d- 
urn imUL : K) T-*»3, Vtt^;i/i*:a : cm' 
/mo 1 ) X-$)^o 
[0 10 3] ^tzs I213tt. *^B^CD*i^3iU^ h d;1/ 
$^<j'-fe>X^?<Dm2cD*SlEfl$^T-fe!3, ±1311 2 T- 

mile. ^^m4 0±lz ['fb2] tc^j^-TPBDJ&h-CDIEJL 



(10) !|^lfl2 0 0 3- Pi b 7 (P 2003-7467 A) 
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02 tmrnzmi^mmmeo t^mmi o i^^/nijjffjBg 

[0 10 4] ^Tz. I1I4{±. *^B^©*a^bi7 h d;U 

s.^-y^>::^m^<Dfii3 (Dmmnmx- $><3. ±13111 2 1- 

iz. m^SHiiSe 0±t. 7 >vYbU5=-'j7A^i:'©m^?± 
Ai4^K*IS«a{cJ;!?^MU-t«^aA;b6 l^mi& 
Ltz'^iz. IS«^aAM6 l±{c. ±s30 2i:PHttlS 

[0105] 

TOS«± (rUSSI TO, MSg^aM : 2 0 Q/DtA 
T) (c;»^^«^M(cJ;'?«^]Sl 0-'PaT\ lEJL^ 
mmt[.X[it3 3]lC^1-NPD$:^«igKl nm/s 
e c f 6 0 n mCDiJIJPT-fiKflM i: LT [<b 5 ] (3 

^-rOXD-1 (-f ;t>{b7j^5^>i'-\';i/6. lev, « 
^J^?D;'j2. 4eV) i^C-fb 2 4 ](c^-r C B P (-frt^ 
. I b eV^ m^mMtl2 . 33e 
20 V) i:['fb4 2]{;*-r I r (ppy) 3 ('f3|->Yb^7^ 
>'>-\';i'5. 3eV, m=?-mQf}Z. 0 4eV) i:^, 
^n^tKDmmitt^ 1 : l : O. O 3lC^5cfcdlC^* 
MS 1 nm/s e cX^BMl^. 2 0 nmCMJPT-^Si 

b, m^ffijaiM i: LT [Yb 5 6 ] t*-r A 1 q 3 S^«M 

Kl nmXs e c-r-5 0nm6D8g;p-C^SMb> 

T;u5-'i'Ai: 'J5^>j7Ai:$:, 5^ -i; a An % i: 55; ^ J; 
■5«c^«ajK 1 nm/s e c-e^t^^btl^ei^^f^figL 
T, l2l2l::5"x-r^^fl|ji*ftfigbfeo 
[0 10 6] CCDBt, 5V (iEiSaiE, WTIDb) X 1 
30 mA/cm" (mmmm. liLT^tal:,) X-5 0 0 cd/ 



6 . 5 Vs 1 OmA/cm' 



T- 4 5 0 0 c d/m^<Dm^<D^t/t^mtzo 

immmii tmmizm2iz7ntm^mi^^if&[.rzo 

iOa$, 5V, 1 mA/cm'T'4 0 0 c cl/m\ ^ 
6. 5V, 1 0mA/cm*-t:-3 2 0 0 cd/m*© 

^ut [^siE^^iji] tmmizm2izmirm^mmt:i'^mL 

40 fco 300$, 5V, lraA/cm'T-5 0 0 cd/m', 
6. 5V, 1 0mA/'cm''T'4 1 0 0 cd/m=' 

[ j|Jlifi»J 2 l-C^Ml^iJ 5 ] 0 X D - 1 ©#t) t) HTi3[« 

1 ]iz7jk-rit-^m^mm bfew^'M*, [HJSfiaj i ] t ibi*s 
izm2izm-rm^mmt:i'^m.Ltziiz^. i^ihz^t 

[0 10 7] 
[«1] 
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(11) !ttBfl2 0 0 3- 



7 (P 2003-7467 A) 
20 







1 mA/cnfTa>14fi6 


10mA/cniT-fl)1tft| 


(eV) 


(eV) 


mff (V) 


m& (cd/rW) 


ma (V) 


l?)£Ccd/rW) 


2 




5.0 


500 


6.5 


4.500 


6.10 


2. 70 


3 




4.0 


450 


6.0 


3. 900 


6.10 


3.05 


4 




5.0 


500 


6.5 


4.500 


6.10 


2. 90 


5 




S.2 


500 


1.0 


4.300 


6. 10 


2. 70 



[0 10 8] [mmm3]X'n-^7. yMti.xm\,^tM3] 
T-^fBNDti. m^m-mtjifiY-ymrdi r (pp 

y) 3 (3. 0 4eV) tm^mmcDMs *:^h^J*^f> 
[^SS^iJl] (OXD-l{^ffl). [||}gfi?iJ2] (PBDffi 

ffl) > [mmm4] (BBDmm) ^ [^m^us] (oxd 



10 



o 

[mmm6]~ Lmmmi i] oxD-icD#fc.t){cTSB 
«(ciii2 t5j^-rm^^ig^ftfiebfei:c5s [^2] c 

[0 10 9] 
[S2] 







1 mA/crrfT'CDl4^ 


lOmA/cnrf-eOtlfife 


(eV) 


(eV) 


mH (V) 


»j£(cd/lTf) 


(V) 


3B|ES(cd/nrf) 


6 




5.0 


480 


6,5 


4. 000 


5. 74 


2. 18 


7 




4.0 


4^0 


6.0 


4. J 00 


5. 80 


2. 40 


6 




5.0 


4S0 


6.5 


4, 100 


5. 74 


2. 30 


d 


lit 1 35 


5.2 


480 


7.0 


4.000 


5,60 


2. 10 


10 




5.0 


480 


6.5 


4, 100 


5 74 


2. 15 


11 




5.2 


480 


7.0 


4, 100 


5. 74 


2. 15 



[0110] mmm 1 2 1 5 1 [usEt^j 1 ] 



[0 111] 
[IS3] 







1 mA/cnff"C<Z)ttfl6 


lOmA/cnfTOttfiB 


tKt -^^ 

(eV) 


(eV) 


«ff (V) 


tfffi(cd/rrf) 


«8tt (V) 


UIS. (cd/rrf) 


12 




5.0 


440 


6.5 


4.200 


6. 05 


2.25 


13 


nk2 1 3 


5.0 


460 


6.5 


4.300 


5.96 


2. 17 


14 


Ht2 2 J 


5.0 


470 


6.5 


4. 300 


5. 99 


2.52 


15 


m:2 3 J 


5.0 


490 


6.5 


4^400 


6. 05 


2. 21 



1] 

4] 



[0112] mmm 1 e ]~ [»«g^j2 7 ] [; 

T-^^® K-r^J® I r (ppy) 3tC#^TI3[S 
1 ]i:|5]fillclII2 tS^r^^Mig^f^^figbfetC^. 



★ 4 ] fc ^ r ^^teissji^cD^^t e, tifc 0 

[0 113] 
30 [^4] 







1 mA/c nfT?COilflg 


lOmA/c rTf-C(75t4tg 


(nm) 


«EE (V) 


»JS(cd/nrf) 


mCE (V) 


«FS(cd/M) 


16 


C1b4 33 


5.0 


450 


6.5 


4. 200 


545 


17 


(1b4 4) 


5.0 


290 


6.5 


2. 700 


563 


18 


C'lb4 5] 


5.0 


550 


6.5 


5.300 


525 


19 


C^b4 63 


5.0 


360 


6.5 


3, 400 


555 


20 


C1b4 73 


4.9 


50 


6.5 


480 


608 


21 


ab4 8) 


4.9 


510 


6.5 


4.500 


516 


22 


C<b5 03 


5.0 


450 


6.5 


4. 300 


545 


23 


C^ts 1 3 


5.0 


280 


6.5 


2.500 


563 


24 


Uts 23 


5.0 


540 


6.5 


5. 100 


525 


25 


litB 3) 


5.0 


360 


6.4 


3. 300 


555 


26 


nb5 4] 


4.9 


40 


6.4 


380 


608 


27 


nb2 93 


4.9 


15 


6.4 


160 


647 



[0 114] C^3(gfiSJ2 8] m^SiliSS^^Al q 3{C# 
X.OXD- 1 t J; !3ffJ^LfeJ-:^^'M± [^Jfffi««J 1 ] t.mm 

\^m2\,z7htm=f-mT&^wm.\.tzo c:cdb#. 5. 5 v. 

1 mA/cm'-eS 0 0 c d/m'jatJf. 7 V. 10mA 
/cm^T-4 7 0 0 c d/m'Oij^JfeO^JtASff ?>n/feo 

mii\.X. «^KlO-='Pa^ mmm&O. Inm/s 
e cxn^mm\,zXK>. CibS 5]fc:S^f BCP<£6nm 

m^m^-^i'^^x.fzo :icon-. 5. 2 v. imA/c 



40 



'T- 4 5 0 0 c d/m^(Om.^(D%'ftim(biXtz. 

immm 3 0 ] mmm 1 ] t-«^ ^^i^ t mmm t o 

0. 1 nm/s e c^{4^0»^^tflcj; t). ^u/^bU^" 

't?j^i,zm^rz:itm\-it mmm 11 tmmizm4i,z7n 
Tmi^mm^i'fm.i'tzo zcDm^ sv. imA/cm^ 

T5 0 0 cd/'m\ ^ii>-6. 5 V. lOmA/cm'T' 
4 5 0 0 c d/m'©afeCD5e3t*sff ^>iifco 



in''T-5 0 0 c d/m'^I>\ 6. 7 V, lOmA/cm 50 fc J; D ffl^ 'J U >m»SS¥i£lM (JiiT^-T 
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miim^o ) 1, 1 0 0, 0 0 o®ub2 5]f^-rpv 

K 6 mg* 1 ml£D 1 , 2 D Dx^ UT^ 

mm 1 ^iff^s^Ltzo ^«7•^x^'5^ls*^T^ofe i to 
mm± (misi TO, Msi^^tt^ : 2 0 Q/nji^T) ic 

1 0 0 0 rpm-r- l#P^;^tr>3— M-^»fc 

ct D 5 0 nm(omm(oiEjimmm^mzo i£Kmmm± 

nm/s e cT-OXD- 1 iiCBPi: I r (ppy) 3 
t^. -^n^flcDaSibAU : 1 : 0. 0 3k:>5:-5J;d 
tc±t^«b2 0nmCDlK;S(D^3fcS?£fiEI!iL, ^JgiSfi 

1 n m/ secT-Alq3 Sr^* b 5 0 n m©)II® ®® 

<£r. V ^ j^tfi 1 % tts: ?> ^ o izmmmm 1 nmy s e 

c -e±t^S bTPt1®$:ffJ/j)c LTH 2 t^-r«^;K3g^f^ 
m.Lrzo Z.<Dm. IV. ImA/cm^T-S O Ocd/ 
m\ Sl>'8. 3V. 1 0mA/cm''T-4 5 0 0 cd/ 

■Vfrs-rm-^i^ (^^fi6 0, 0 0 0) IZ^^tziiKmt 

fco CcdKf, 6V, 1 mA/cm^T-5 0 0 c d/m'S 
l>'7. 3V. 1 0mA/cm*T'4 5 0 0cd/m*®i^. 

[USEfi^J 3 3 1 , 1 0 0, 0 0 0®PVKi:b-C 
6mgS:lmlCDl, 2 D dji^J' >T-^S?bT, ®* 



(12) !t^ra2 0 0 3-W'6 7 (P 2 0 0 3-7 4 6 7 A) 

22 

*mHi'^m.Ltzo OXD-li:bTl. 25mgi:CB 
Phbtl. 25mgi;Ir (ppy)3i:b-r0. 1 

7nigii>'W>^5'*^^^i:bT^^ai 1 5, 0 0 0® 

ofc I T os«± (TUjis I T 0. mm^w^ -.200/ 

□Jii,T) izmm l^lOOOrpmt? lfprS:y^\^>:D — 
h-r^»{CJ;t) 5 0 nmOiE?Ltti^»^f#feo ^^t. 
iE?L$li@IS±t:?g?ft 2 * 1 0 0 0 r p mf 1 mS:^t:> 
10 =i-M-S»K:j;t) 2 Onm®«>te^Sf#feo S^ffS^ 
^ai-<fc t3K?5g 1 0-'Pa-eAlq35^«jS)Kln 
m/s e cT- 5 0 nm©liM»T-«^^i3ie^^ilM bs « 

T'^i/^-e^Ai: U5'e7Ai:*, 
JScSJ^at^^jglKl nm/s e cTftlK^bT^«iS 

ff$^bTi2i2f'^t-«^«5t*ft^!!(;bfco ::©a$. 9 

V, 1 mA/cm'T-4 8 0 c d/m\ 1 0 . 5 
V. 1 0mA/cm'T4 5 0 0 c d/m^OMfeCD^^Jfe 

[m.mm 3 4 ]~ c^m^j 37] 0 x d - 1 ©#?d t3 ict 



20 mm 5 ]t5^-r<b-&i^4ffiffl bitj-mtt> [n, 
tmmzm2iZ7nrm^m^t:M\^tzt. 

[0 115] 
[^5] 



5s 



3 3] 
[«5] 



mmm 




ImA/cnfT-COttffi 


10mA/cnrfT'<Z)14fl| 


(eV) 


(eV) 


mii <V) 


»ffi(cd/nrf) 


ma (V) 




34 




8.0 


480 


9.5 


4.500 


6. 10 


2.70 


35 


C1fc3 3 


8.0 


430 


10.0 


3.700 


6. 10 


3. 05 


36 


C<fc4] 


9.0 


480 


10.5 


4. 300 


6.10 


2.90 


37 




9.2 


480 


11.0 


4.100 


9,10 


2 70 



[0 116] [nmm3 8]~ mmm4 3] oxd- 1 305*^^5, [m6]izi 

D (CTHB[« 6 jtC^R-r^b^i^^ffiffl bfcti^^tt. [01 17] 

immms 3]tmmzmi2izmtm^m^t:iiFmvrzt^ me] 





^b#1» 


1 mA/cfrf-C(Dt4<ie 


lOmA/crrfTJOHfig 


(eV) 


(eV) 


«CE (V) 


»J^(cd/nrf) 


ma (V) 


affi(cd/rrf) 


38 


Ubi 0] 


9.0 


480 


10. b 


4. 000 


5. 74 


2. 18 


39 


Ut 1 1 J 


8.0 


480 


10.0 


4:100 


5. 80 


2.40 


40 


t{t 1 2 J 


9. 0 


4S0 


10.5 


4.100 


5. 74 


2. 30 


41 


C^bi 3:1 


9.5 


480 


11.0 


4:000 


5.80 


2. 10 


42 




9.0 


480 


10.5 


4, 100 


5.74 


2. 15 


43 


l^t 1 5 J 


10.0 


480 


11.0 


4; 100 


6. 74 


2. 15 



[0 118] mmmA A-\ mmmAT] CBV(D 
mt> D vzTmmi ]\zn<tit-^m^^m bfcw^'U^:, 
inmm 3 3 1 i: nm\zm2 \zns-rm=¥-mik-^wm\.fz trk^o 



★ [m.1 ]i,zin-rft%i^m(D^tftm^htitzc 
[01 19] 
[^7] 





<b^«8 


1 mA/clTft?Wf4<te 


lOmA/c irfTOOttfig 


-f ;l->1b 

(eV) 


(eV) 


«IE (V) 


Wa(cd/nf) 


«BE (V) 


OH(cd/fTf) 


44 


C<b2 01 


9.0 


440 


10.5 


4.200 


6.05 


2.25 


45 


Cfb2i5 


0.0 


460 


10.6 


4.300 




2.17 


46 


(;<b2 2j 


9.0 


470 


10.5 


4.3X 


5.99 


2.62 


47 


U|i2 35 


9.0 


490 


10.5 


4.400 


6.05 


2.21 



[0120] [^mm 4 8 ]~ mmm 59] ?gM 2 © i to 

r (ppy) 3©#D{CTfB[a8]{C^^1-^b-^iK5:£^ffl [0121] 

\^tz)ikmtmm.mz3]k.nw\zm2\z7i^tm^'mm^ [^8] 



23 



(13) 1^182 0 0 3- 



7 (P 2003-746 7A) 
24 







1 m A/crTfT(Dt4gg 


10m A/ c HIT? to fig 


(nm) 


^BE (V) 


JSIS(cd/nrf) 


^S: (V) 


»S (c6/ni) 


48 




9.0 


450 


10.5 


4. 20d 


545 


49 




9.0 


290 


10.5 


2.700 


563 


SO 


C<t4 5] 


9.0 


550 


10.5 


5.306 


525 


S1 


nb4 6] 


9.0 


360 


10.5 


3.400 


555 


Si 


C1b4 7] 


fl.5 


50 


10.5 


480 


608 


53 


i:^fc4 8D 


8.5 


510 


10.5 


4.500 


516 


54 


C^bs 0) 


9.0 


450 


10.5 


4.300 


545 


5S 


Cit5 ^) 


9.0 


280 


10.5 


2.50d 


563 


56 


[^b5 2) 


9.0 


540 


10. 5 


5, 100 


525 


57 


C^b5 3] 


9.0 


360 


10. 0 


3.300 




58 


C^b5 43 


8.4 


40 


10. 0 


380 


608 


59 


t^b2 93 


fi.4 


15 


10.0 


160 


647 



[0122] [^Jfi^je 0] ^r«2^. [jb7]-e^^ti 
^m-^» i^^m 60, 000) tLX2. SmgtC 
BP 2. Smgiilr (ppy) jtLXO. 17mg 

t^^i^uy 1ml izmm i^xif^Ltzs-:x{n~ii Lma^m 
3 3] tmi»izm2iz^st$^^m^^i'^^i.rzo z(d 

St. 8V. lmA/cm='t:4 8 0 cd/m* 9 V, 1 
0 mA/cm='T-4 5 0 0 c dym'(Dm^(D^^tm^ 

ntzo 



immme i] mmzt:. [^b7]-r-5^^tLss^<*6D# 

tJtCv [-fbs] (^Taeo, o o o) T'S^^nsa^tt 



10 8 0 c d/m''Sz;f^ 9V. 1 0 mA/c m^T- 4 

5 0 0 c d/m^cDi^e©^^ASf#^tifec 

Lnmme 2] ~ immme 4] mm2^. [{b7]T-s^ 

^ixSS^f*®#t) TiB[^9]{c:^-r[<b3 8]:/5M 
[•fb4 0] (#^^fi6 0, 0 0 0) T'S^^tX-SS-^f*:* 

[0 12 3] 

[«9] 







1 m A/ c r 




lOmA/c ftfT^tDt^te 


®ff (V) 


SiJS (cd/m-) 


(V) 


mm (cd/nrf) 


62 




7.0 


450 


8.0 


3. 800 


63 




7.0 


450 


a. 0 


4. 000 


64 


nb4oi 


7.0 


450 


8.0 


3. 900 



[0 12 4] mmme 51 mm2t:. utsinzm 
tn-y 3i=.j]/7iiV:ti)\/j^'j—)i' i^^me 0,00 

0) i:LX2. 5nigi:0XD- 1 i:bT2. Smgt 
Ir (ppy) itl^XO. 1 7 mg t*=^i^^> 1 m 

n^mmLxi'^mvtzimit Lmmm3 3i tmmizm 
2izni-rm'fmm^i'pmLrzo zcom. 7 v. imA/ 

cm't:4 8 0 cd/m' 8V. 10mA/cm*-C4 30 
5 0 0 c d/m'<cm&<Df&^i)m^ixtzo 

L^mme 62 , loo, ooocDPVKem 

g^lml®l, 2i^^DD3i^>T-SMLTx j^r^l 
SrYtfiRUfco OXD-li:LTl. 25mgi:CBPi: 
LT 1 . 2 5mgi:I r (ppy) 3i:LT0. 17m 

gtJ"!^ >v^^^ti.x^^mi 0 0 . ooocdtku 
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bfco C©B$. 8V. 1 mA/cm'T-4 8 0 c d/m' 
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